Autism spectrum disorder (ASD) is the fastest growing developmental disorder in countries across the world. Although recent studies have demonstrated the health benefits of nature for typically developing children and children with attention deficit hyperactivity disorder, it is unclear whether these benefits extend to children with ASD. In this study, we investigated whether benefits associated with exposure to nature could be observed by parents of children diagnosed with ASD. We conducted semi-structured interviews with 22 parents and caregivers of children on the spectrum from two cities in China. Results showed that exposure to nature provided motor-sensory, emotional and social benefits to children with ASD, although some of the identified benefits also come with concerns. Participants identified a wide range of barriers that make exposing their children to nature difficult. Among them, inappropriate behaviors, safety concerns, phobias and issues with the public realm emerged as critical hurdles. These findings suggest that practitioners should consider nature exposure as an intervention strategy, and planners and designers should create places that better accommodate the needs of children with ASD.
Introduction
Autism spectrum disorder (ASD) is a spectrum of neurodevelopmental conditions characterized by impairments in social interaction, communication and the presence of repetitive behaviors. ASD is the fastest growing developmental disorder in countries across the world (Centers for Disease Control and Prevention, 2007; PinboroughZimmerman et al., 2012; Sian and Tan, 2012) . According to the Center for Disease Control and Prevention (CDC), the estimated prevalence of ASD in eight-year-old children was 1 in 68 in 2012, a 123% increase from 2002 (Christensen et al., 2016) . Although studies have reported lower prevalence rates in developing countries such as China (Elsabbagh et al., 2012) , recent evidence suggests this may be because of wide underdiagnosis (Sun et al., 2015) .
Although there is no proven cure for ASD, research has shown that behavioral interventions demonstrate benefits at the group level (Dawson and Burner, 2011; Howlin et al., 2009 ). Relatively few studies have explored how the physical environment affects the health and behavioral outcomes of children with ASD. Recent autism-friendly design initiatives have mainly focused on building and classroom design. For example, installing sound-absorbing walls increased student engagement and performance (Kinnealey et al., 2012) . Natural light, reduced visual distraction, acoustics, increased personal space, and access to objects and rooms were found to facilitate learning for children with ASD (Mcallister and Maguire, 2012; Mostafa, 2008; Vogel, 2008) .
More recently, a new school of ASD research has focused on how activities occurring in outdoor settings facilitate the development of social and cognitive skills. A few studies have investigated treatments implemented on playgrounds and recess periods (Menear et al., 2006) . Children engaged in more social initiations and group play in a new outdoor playground with features supporting structured movement and imaginative play (Yuill et al., 2007) . Other studies used instructions, prompts, praise and rewards during outdoor play sessions and found that social responses increased (Licciardello et al., 2008; Mason et al., 2014) .
has been found to influence health outcomes is the access to nature. For neurotypical children, natural outdoor environments have been shown to reduce stress, enhance emotional resilience, facilitate functional and imaginative play, and support cognitive functioning (Balseviciene et al., 2014; Carrus et al., 2012; Chawla et al., 2014; Dadvand et al., 2015; Fjørtoft, 2001; Fjørtoft and Sageie, 2000; Huynh et al., 2013; Li and Sullivan, 2016; Markevych et al., 2014; Wells and Evans, 2003b) .
Evidence on nature exposure and autism is scarce, but studies have illustrated how exposure to nature can reduce symptoms for children with other developmental disorders, such as attention deficit hyperactivity disorder (ADHD) or attention deficit disorder (ADD). Children with ADHD who took a walk in a park had elevated attentional performance, compared with children who walked in a built space (Faber Taylor and Kuo, 2009 ). Compared to a visit to town, a visit to the woods produced better attentional performance for children with ADHD (Van den Berg and Van den Berg, 2011) . Parents reported that their children manifested fewer symptoms and functioned better after activities in green space (Taylor et al., 2001) . In everyday settings, children who play in green space show milder symptoms compared to children who play mostly in indoor and built outdoor settings (Faber Taylor and Kuo, 2011) . These studies are promising because ADHD and ASD share certain similarities. Recent research has not only revealed high clinical comorbidity of ADHD and ASD , but has also found similar genome areas and overlapping genetic influences (Ronald et al., 2008) .
Two established theoretical frameworks also support the proposition that children with ASD may benefit from spending time in nature. Attention Restoration Theory (ART) states that directed attention, the ability to focus on cognitively-demanding tasks, which is critical to high-level cognitive functions and behavioral regulation, fatigues with use but can be restored through exposure to nature (Kaplan, 1995) . For children with ASD, among the core deficiencies are inattentiveness and difficulty in regulating emotion. Exposure to nature may restore attentional capacity and provide opportunities for enhanced cognitive and behavioral performance. Ulrich's stress recovery theory (SRT) proposes a psychoevolutionary framework suggesting exposure to nature yields positive affective and physiological responses (Ulrich et al., 1991) . Children with ASD are at high risk for anxiety disorder (Wood and Gadow, 2010) and experience emotion-related difficulties such as tantrums, or aggression (Mazefsky et al., 2013) . Exposure to nature may contribute to their emotional states. Because these two theories have been proven in a wide variety of populations, it is likely that nature provides similar benefits to children with ASD as well.
Despite the possible benefits, children with ASD face more barriers in access to green space than neurotypical children. For example, children with ASD are especially vulnerable to sensory stimuli and social encounters, which are abundant in public space. Parents have concerns about taking children with ASD to natural spaces because their children may feel uncomfortable or exhibit disruptive behaviors (Ludlow et al., 2012) . Access to nature for children with ASD is considerably limited by such barriers. In current planning and placemaking, the needs and concerns of this particularly vulnerable group have received little attention. Unfortunately, we know very little about how to create inclusive places for children with ASD.
The aim of this study is to chart the various benefits associated with exposure to nature for children with ASD and the barriers to accessing these benefits. In this study, we interview parents and caregivers of children with ASD to determine 1) to what extent and in what fashion exposure to nature benefits children with ASD, and 2) what concerns and barriers limit access or make spending time in nature challenging. Answering these questions will advance understanding, guide practice in both ASD intervention programs and urban planning and design, and inspire future in-depth investigations on this important topic. If exposure to nature does benefit children with ASD, practitioners should consider taking advantage of natural environments for behavioral interventions. By identifying the environmental features that benefit children with ASD, as well as the concerns and barriers, we can develop concrete planning and design toolkits for more inclusive, healthy places.
Methods
To answer our research questions, we collected data from parents and caregivers using semi-structured interviews, an established method for exploring neglected areas of research and understanding complicated phenomena, especially related to subjective experiences of place (Del Casino, 2009; Fylan, 2005) . To maximize variations in urban environments, we recruited participants from two Chinese cities: Shanghai and Yantai. Shanghai, located in Southeast China, has a population of 24 million and around 8 m 2 of green space per capita (Shanghai Statistical Bureau, 2016) . Yantai, located in North China, has a total population of 7 million and around 20 m 2 of green space per capita (Shandong Statistical Bureau, 2016) . We recruited parents or caregivers of children with ASD using a combination of convenience and snowball sampling through autism centers and teaching facilities for children with developmental disorders. Fliers were sent to teachers, who then distributed them to parents and caregivers. After the interviews, we invited participants to help advertise the study through social networks and support groups. Participants needed to a) be parents or caregivers of a child 4-18 years old with a formal ASD diagnosis, and b) have lived in the same household with the child with autism for at least two years. Participants were informed of the objective, procedure, benefits, and risks of the study and were required to give consent. The procedure was approved by the Ethical Review Board, School of Medicine, Tongji University.
A total of 22 interviews were conducted with parents and caregivers (18 mothers, 2 fathers, and 2 grandmothers). 14 children were diagnosed with autism, 5 had Asperger's and the remaining 3 had Pervasive Developmental Disorder (PDD). Children's ages ranged from 4 to 17, with a mean of 9.5 and a standard deviation of 3.6. The average age of diagnosis was 4, with a range from 2 to 8 years old. 4 were girls, and 18 were boys. 20 of the 22 interviews were conducted in spare classrooms of the autism centers during normal class periods, and two were conducted in a small neighborhood open space outside the center, as suggested by the respondents. To protect the privacy of the respondents, all interviews were one-on-one and administered by the same researcher in Chinese, who is Chinese-English bilingual. The recorded interviews lasted between 42 and 79 min. An interview guide was used to help direct the topics. The guide was developed in English, translated to Chinese, and back-translated and compared with the original version. Questions included:
• How often does your child go outdoors?
• Is green space (e.g., neighborhood parks, urban parks and plazas, forests and other suburban and rural scenic areas) a part of his or her outdoor experience?
• Please describe the last time you took your child to a green space.
• What are the benefits of visiting green space to your child?
• What are the barriers that may prevent you from taking your child to a green space? What are your concerns?
The interviewer asked follow-up questions on important or controversial issues and took notes about emerging topics; words suggesting strong emotions or attitudes; and non-verbal cues such as facial expressions, body language, and silence.
After each interview, we transcribed the recordings into a text document and used content analysis to analyze the data. First, we marked sections that were not relevant to children's activity, their daily exposure or parents' perception and attitudes about their children's outdoor experiences. In the first cycle of coding, two researchers performed sentence-by-sentence open coding independently with multiple iterations on the entire dataset manually. The codes were then compared and discrepancies were resolved; a codebook was developed in this process, with initial categories and themes identified. Member checking was used when necessary. In the second cycle of coding, the codebook was applied to the transcripts, and representative quotes were identified. The categories and themes were finalized and MAXQDA Analytics Pro 12 was used to assist with the coding process. All transcripts were analyzed in Chinese to prevent loss of nuances of meaning. Codes, themes and categories were developed first in Chinese and then translated into English by researchers who are Chinese-English bilingual. Representative quotes were also translated into English.
Throughout the research, a journal for reflexivity was kept by the researchers. We initially approached the project from the ART and SRT frameworks (Kaplan, 1995; Ulrich et al., 1991) . As more conversations were generated, we critically examined where we were situated as researchers and embraced the new directions that arose from the interviews.
Results
The results are presented in two main categories: parent perceived benefits of contact with nature, and barriers to and concerns about taking children to green spaces. Fig. 1 illustrates a framework that outlines the main categories and themes identified for the benefits and concerns. The radius of the circles suggesting the topic frequency throughout conversations with parents.
Benefits
All parents identified benefits associated with visiting nature. Three main categories emerged: sensory-motor, emotional, and social benefits. Some benefits of nature exposure were recognized as having unfavorable consequences by the same or different participants. We identify these complexities as well.
Sensory-motor benefits
All parents (22 of the 22) commented that nature offered attractions and elements for children to engage with. Parents reported that natural elements captivated children's interests and held their attention for extended periods of time. They were especially attracted to the loose parts and unstructured play opportunities nature offered. In nature, children learned to tolerate and process information from multiple sensory modalities, such as visual, auditory, and tactile stimuli. Compared to other types of urban space (e.g., streets, commercial plazas), parks also provided a safe space to engage in a variety of activities which enhanced children's gross and fine motor skills.
Loose parts. Children with ASD were particularly attracted by loose elements, such as sand, mud, leaves, twigs, and water. These elements presented colors, textures, smells, and ability to be transformed in endless ways that are hard to find in uniform, built spaces. Almost all parents interviewed (20 out of 22) mentioned that playing with loose parts was absorbing and contributed to their motor skills for their children.
He sorts through leaves when playing in parks and adds the ones he likes into his collections. He treasures the ones in his collection so much that he did not allow anyone else to touch them. (U01, male) I think playing with sand is good for his nerve endings, and it helps them coordinate their eyes and hands. (U09, male)
Experiencing the wild. Parents described nature as a holistic experience different from the urban environment (15 out of 22). In discussing different types of space, parents identified suburban parks and natural parks that featured wilderness as more beneficial for their children. Their children were more interested and engaged in wild environments. They also appreciated the quiet atmosphere, luxurious plants, and wild animals.
I think the forests are the best. For one thing, there is ample space. The environment is beautiful, much better than the small urban parks. For another, they have unique trees and grassland for children to see. (U011, male)
We went to a forest park (wetland) to watch birds. He liked it. (S04, male) Natural play equipment. Parents mentioned that natural play equipment in parks, such as swings, hideouts, slides and climbing structures fascinated their children and provided opportunities to use their body and grow better at intermodal perception and body coordination (10 out of 22). The types of equipment children with ASD preferred showed strong vestibular input, i.e., equipment that spins, rocks or swings. Parents commented on how the swings, plant paths and ropes in parks were valuable because they were similar to a lot of the equipment used in formal therapy.
He enjoys the swinging back and forth on the swing set in the park. I think it is good for him because a similar swing is used in his sensory integration therapy. (U07, male)
There is an area in the park with trunks and ropes where you can climb up. He gets really excited at these. (U09, male) Sports. Nature served as an ideal place where children with ASD engaged in individual sports such as biking, skateboarding, roller skating and rock climbing (11 out of 22). Some parents mentioned that their children had difficulties understanding the rules for team sports or playground games, which limited their choice of outdoor play. However, in parks, fewer rules offered more flexibility for children with ASD. Compared to other urban environments such as neighborhood streets and commercial plazas, parents also regarded parks and green spaces as safe for individual sports.
We are not worried about letting him bike in the neighborhood green space. We set a time that he has to be back, like 30 min. He always only bikes in the area and comes back before the 30 min expire. (S01, male)
Concerns about the attractions. Although children with ASD were attracted to sensory stimuli and activities in parks, they often did not interact with objects or engage in activities in the same ways other children did. Parents recalled how their play behaviors were repetitive and seemingly without purpose.
The last time I took him out, there was sand. The other children used a toy truck to load the sand from one place to another, but he just picked up a handful and watched it run through his fingers. He also did not use sand to build anything. (U02, male)
These behaviors raised concerns for some parents. They saw such play as self-stimulatory behavior and were concerned that it was a sign of the progress of the Autism symptoms.
Emotional benefits
Children with ASD often experience negative emotions such as stress and anxiety. Most parents (20 out of 22) said nature visits helped children relax, promoted positive emotions, or reduced negative ones.
Positive affect. Positive affect emerged as the most mentioned theme (17 out of 22) associated with going to parks and green space. Children were happier, more energetic and lively.
I took him to a hiking trail once in the summer. When he was out there, he was in a great mental state. He was so happy, so I took him there every week thereafter. (U08, male) Some parents mentioned that their children were not so easy to please, compared to other children. Park visits presented a rare opportunity to see their children laugh and smile. Some parents also noted that even mentioning hiking or visiting a scenic place triggered happiness and hopefulness. D. Li et al. Health and Place 55 (2019) 71-79 We tried to take him out whenever there was a break, like the summer break. After the trip, he would ask, where do we go next? We would make a plan with him for the next break, and he would then hang on to the thought. It is like something he could hope for. (U10, male)
Emotional control. Parents observed spending time in nature helped soothe stress or anxiety (13 out of 22). When compared with other types of urban space, green spaces were preferred as ideal places to help their children relax.
I think green space is the best. Green space is open and spacious, which makes people feel light-minded. It helps him relax his body and mind. Urban streets and commercial plazas are too packed with people, so you don't feel as safe and relaxed. (U06, Male)
Parents whose children went to regular schools said that their children needed a break outside every 20-30 min. The unstructured character of parks and green spaces had few social expectations and therefore allowed children to release energy and tension.
It is great in nature. He is free without restrictions. He runs for twenty minutes and gets calm again. (U02, male) Do not help with tantrums. Parents noted that nature helped improve their children's overall moods, but did not seem to prevent or calm a tantrum. Parents attributed their children's tantrums to difficulty in achieving tasks or being denied something, adding that tantrums were too sudden and the emotion was too intense to be controlled.
There is nothing you can do to pull them out of a tantrum. You just need to wait for the episode to pass. (U08, male) 
Social interaction
During the interviews, the issue of social interaction emerged as a theme, but parents mostly mentioned proximity to other children as an opportunity. Whether there was an actual increase in interaction with others seemed to be contingent on the child's own level of acceptance of social interaction. However, a number of parents mentioned enhanced parent-child interaction.
Proximity to other children and adults. Parents mentioned that parks presented opportunities to be close to other children and adults (13 out of 22). The majority of children lived in apartments with no immediate access to nature and relied on nearby parks to socialize with others. One mother mentioned being closer to neighbors as the main reason that they moved from the city to the periphery.
We moved to a (type of) townhouse in the urban periphery. We made the decision because of our son. Now when we open our door, we see the courtyard and beyond the yard is farmland. My neighbor's children are all playing outside. The environment is very healthy for my son. (S05, male)
Although nature provided opportunities for their children to be close to other children, the extent to which children took advantage of these opportunities and interacted with other children varied. Some parents mentioned their children became anxious in the presence of children they did not know but showed less social anxiety after repeated exposure. Other children were indifferent to other people or activities in the parks, so spending time in parks did not lead to increased social interactions. Some parents also mentioned their children would play along if the other children initiated and led the play, but usually not for long. Yet another group of children were interested in other people in the park and found opportunities for interaction, but according to the parents, such interactions usually did not last very long. In almost all conditions, parents did not observe improved oral communication, cooperation or turn-taking.
Parent-child interaction. Although many children in natural environments did not seem to reap many benefits from social interaction with other children, they did display improved parent-child interactions (6 out of 22). Parents noted that both their children and themselves were more willing to communicate in natural environments, "as if the environment pulled us together." Several mothers mentioned that their children looked at them, smiled at them, or paid more attention to their instructions in parks.
Only one parent mentioned improved verbal communication.
We were hiking up the mountain, and his Dad and I said "I am exhausted" a few times along the way because the trail wasn't an easy one. When we reached the top, I asked my son how he felt. He said, "feel exhausted." I was so surprised he could use a phrase he just heard to express himself. No one taught him to use it to answer the question; he just did it by himself. (U08, male)
Although this example hints at cognitive and language development in natural settings, it appeared only once in the transcripts and did not emerge as a theme. Most parents attributed improved parent-child interactions to the free, relaxing atmosphere rather than enhanced cognitive resources, attention span or executive memory.
Concerns and barriers
All parents expressed concerns about taking their children to natural spaces. Five major categories were identified: inappropriate behavior, safety issues, phobias, social concerns, and others. Some barriers were directly associated with characteristics of green space while others were associated with the challenges of taking children with ASD into public spaces.
Inappropriate behaviors in public
Parents were most concerned about children's inappropriate behaviors (20 out of 22). Parents found it challenging to manage their children's behaviors while being attentive to social responsibilities. Their children displayed behaviors that were self-centered and ignorant of other people's needs and social expectations. Three themes emerged: inappropriate social interactions, tantrums and other odd behavior.
Inappropriate social interaction. Inappropriate social interaction was mentioned frequently (20 out of 22). Some children displayed social aloofness (e.g., not responding to or showing interest in other children). Such aloofness frustrated parents and discouraged them from taking their children to parks and green space.
She doesn't join the other children. You know, in the park, the other children were playing balls on the lawn. She saw them but had no interest. She was immersed in her own world. (P03, female) A number of parents reported that their children were willing to engage others, but did not make connections in commonly accepted ways. Parents mentioned their children hit others as a way of greeting them. Another mother of a child with Asperger mentioned how she felt awkward when her 15-year-old boy tried to communicate with strangers when playing outside.
He talks to people in a very immature and funny way. He would walk to a random person, and say things like, "hello, what's the name of your dog?" I don't like him doing this. He might be just better off playing by himself. Because he is now a tall and heavily-built young man. (S03, male) Some parents mentioned their children had trouble understanding the rules. Others noted that their children understood rules, but could not suppress their impulses. As a result, their behaviors were perceived to be bad or disruptive. For example, children might grab toys and food from other children, fight to use slides and swings, or bump into people when running around. One mother recalled how her son often grabbed food from others:
He does not understand he cannot take other people's things. When he sees someone eating snacks in the park, he will go grab them. (U11, male)
The grandmother of an 8-year-old mentioned it was hard to manage her grandson's behavior on the buses to destinations.
He prefers the back-row seat on the bus which is taller than the other seats. If it is occupied, he walks up to the person and keeps repeating, sit, sit, sit. I mean, everyone is tired. He pressures the other people to give up their seats to him. That embarrasses me. (U12, male) Tantrum. Parents were also fearful that their children would have a tantrum in public (10 out of 22). The child would cry or scream, sometimes even hurt others or themselves. The task of controlling a teenager during a tantrum was particularly demanding for mothers.
Last time we went on a sketching tour, he did not finish his sketch when the group had to leave. We had to force him to leave. He got very upset and tried hitting the glass (décor of the place) with an object at hand. It took several strong adults to prevent him from breaking the glass. (U13, male)
Odd behavior. A few parents worried that their children would display odd behavior, which often attracts strangers' attention (6 out of 22). Repetitive behavior, such as hand flapping and echolalia, arose as a main theme. Although such behavior did not concern or hurt others, a few parents feared that these behaviors would suggest that their children were abnormal.
Safety issues
Safety concerns were based on parents' observations that their children were often unaware of danger. They worried about traffic danger, wandering, bullying, and sometimes stranger danger. The theme of falling or tripping also emerged, but only among children who had locomotor problems.
Traffic safety appeared as the most common safety concern (16 out of 22). Some children found it hard to understand traffic rules, while others were not alert enough to respond quickly. Most parents with children younger than 10, especially those with autism, felt their children needed constant supervision. Children with higher cognitive abilities, especially those with Asperger's, could usually follow the traffic rules but tended to have problems adapting to situations when others disobeyed the rules, or when special discretion was needed.
She would cross the road without looking around. Sometimes she looks in one direction but not the other. When I reminded her, she would look left and right, but then she ran ahead even when there were cars coming, as if she just did it for me. (U14, female)
Another common concern was wandering and elopement (6 out of 22). Children with ASD tended to become fascinated when spotting something outdoors and shut themselves out from the outside world. One parent reported she had to always hold her child's hand or she would wander off. Other parents reported that their children would space out periodically and leave them, with or without apparent distractions.
If I don't hold her hands, she will run away and become lost (S02, female) I went to the bathroom, and he was gone when I came out. I had no idea where he was. I was so worried and called the police. (U13, male)
Some parents reported that their children had locomotive issues and expressed concerns about tripping and falling (6 out of 22). They believed that certain playground elements posed serious risks and did not provide adequate protection for children with special needs.
Other parents reported that their children were bullied when playing during school recess or in neighborhood open space (5 out of 22). Several mentioned that their kids did not understand when they were verbally or physically harmed.
He doesn't seem to understand this. He thinks they are trying to play with him or something. He sometimes tells me about these when he comes home, but he doesn't know the meaning of those behaviors. He doesn't know self-protection. (U03, male)
Stranger danger emerged less than the other safety concerns (2 out of 22). One parent mentioned she was most concerned with criminals trying to harm her son.
He goes to school and comes back by himself. We are most worried that bad people would get to him. You know, he looks different from a normal kid, and criminals know it is easier to target him. (S03, male) 
Phobias
Parents reported the outside environment sometimes triggered phobias, which were often related to affective arousal, or even tantrums discussed above. For example, parents mentioned that their children were scared of balloons popping or fireworks. Others reported a phobia of construction and traffic noises. Because taking children out to parks meant exposing children to unexpected and often uncontrollable environments, triggering phobias was a major concern.
Intense visual and auditory input (thunder or lightning) often triggered phobias (14 out of 22). Environments such as sealed or enclosed small, dark spaces (such as public bathrooms, elevators, or small cars) were also feared by some of the children(6 out of 22). Regarding the social environment, many children disliked or intensely feared places that were crowded and noisy (5 out of 22).
My son gets very uneasy when we go to a place with a lot of people, especially when someone is making announcements on the speaker or if the crowd is celebrating something with fiery passion. (S03, male)
We went to a tourist spot where there were a lot of people. When he was younger, he would get very nervous and pinch other people. Now that he is older and more mature, he doesn't do it anymore. He has learned the phrase hustle and bustle, so he would repeat the phrase over and over again. And his hand shakes with fear. (U06, male) Occasionally, the phobia wasn't triggered by the physical or social environment, but by an unfamiliar activity or a transition to different activities. Unfamiliar environments seemed to make the situation worse (5 out of 22).
Issues within the public realm
Social exclusion. Taking children out to a park exposed parents and children to other peoples' attitudes. A number of parents (12 out of 22) noted that they hoped their children could play with normallydeveloping children, but other children or parents rejected them, either directly or in a gentler way.
Of course, I'd like him to play with normal children. The problem is normal children wouldn't play with him. (U09, female) He did not understand that others did not want to play with him. Nowadays, kids won't directly say 'go away; I don't want to play with you,' they simply avoid him. He did not understand the subtlety and would still approach them trying to play together. He did not feel hurt but I did when I saw it. (S03, male)
Judgments from others. In public spaces, parents often experienced judgments from others (8 out of 22). Only two parents reported they did not care if they were judged or criticized in public. Most of them did not like the misunderstandings and hurtful reactions they got from others. The pressure associated with others judging their kids' odd behaviors and parenting styles was a recurring theme. When they felt humiliated, misunderstood, and hurt by these judgements, most were unwilling to explain that their children had autism to strangers.
I asked him to join the other kids. He said, no, they will laugh at me. (S04, male) A lot of people said bad things about us. The younger generation may understand my grandson has a disease, but most old people don't. They would yell, how do you teach your kid? It happened a lot. You know, you cannot argue or explain in these situations. (U12, male) 
Other barriers
External barriers and parental concerns that are not exclusively related to ASD also emerged. Such themes included too much TV and computer time (5 out of 22), being bored in nature (4 out of 22), time constraints (4 out of 22) and financial burdens (2 out of 22). Compared to children with autism, older children diagnosed with Asperger's Syndrome were more likely to consider nature boring. Parents of these children frequently reported that their children were addicted to video games and were very sedentary. In contrast, children with autism generally did not show excessive interest in TV or computer games and found nature interesting. Other parents recognized that they were not taking their children outside enough due to financial and time burdens.
Discussion

Nature's benefits for children with ASD
Despite growing interest in nature's impact on children's health, this study is the first to extend this research to children with ASD and summarize the benefits and barriers. Recent qualitative and quantitative studies have highlighted the positive effects of nature for neurotypical children, including physical competence, stress reduction, attention restoration, and social support (Barton et al., 2015; Chawla et al., 2014; Kelz et al., 2013; Li et al., 2018; Norton et al., 2014; Wells and Evans, 2003a) . To what extent do these benefits extend to children with ASD? The good news is that nature exposure does seem to provide many of the same benefits to children with ASD, though it also presents some unique challenges and concerns for children with ASD and their parents.
Sensory-motor benefits
Parents reported that their children experienced increased sensory engagement in natural environments. They also noted that outdoor settings provided opportunities for activity and developing fine and gross motor skills. These findings support Louv's argument that nature provides children with rich sensory stimuli that bring a host of benefits: keen sensory skills and the ability to use these skills to make discoveries and learn new things -"the eighth intelligence" (Gardner, 2000, p. 51; Louv, 2008, p. 71) .
A few parents questioned whether this sensory engagement was beneficial. Some parents felt that repetitive interaction with sensory stimuli (scooping sand, watching dripping water, lining up twigs, or sliding dozens of times) was evidence of an unhealthy fixation, while others noted that these interactions engaged and calmed their children. Are these behaviors another form of passive self-stimulation that serves no function, a coping strategy helping children find peace in a confusing world, or a form of "involuntary attention" (Kaplan, 1995) that allows children to recover from attention-demanding activities? The answer is unclear, in part because so little is known about the pathogenesis and mechanisms of the disorders associated with ASD.
Emotional benefits
Our findings suggest that nature exposure provides emotional benefits for children with ASD (Linzmayer et al., 2014) . Parents noted that their children smiled and laughed more when they were in nature. Mood disorders, including depressive disorder, anxiety disorder, separation anxiety disorder and obsessive compulsive disorder are common comorbid conditions among children with autism (Leyfer et al., 2006) . Literature on adults who suffer from mood disorder found similar positive emotional influences of nature (Lengen, 2015) . In our study, we found nature offered opportunities to become happy, relaxed and vent emotions, although the effects were not adequate to prevent or calm tantrums or cure mood disorders.
Social and behavioral benefits
Many parents also noted social benefits associated with exposure to nature. Literature suggests that the social engagement of children with ASD falls into three categories: the aloof child, the passive child and the active-but-odd child (Wing and Gould, 1979) . We identified a fourth category: the scared child who is anxious to interact with strangers. Interviews revealed that parallel play and group play sometimes occurred for the active-but-odd children, allowing them to interact more with others, and repeated social exposure reduced anxiety in the scared children. However, for the aloof or passive children, nature exposure did not seem to help build naturally occurring social interactions, and their play behaviors were predominantly solitary. It may be that with proper intervention or guidance provided by parents, they could gain more meaningful social experiences (Gutierrez et al., 2007) .
Cognitive and behavioral benefits
The findings of the current study did not reveal the cognitive benefits from exposure to nature that other populations of children experience (Amoly et al., 2014; Dadvand et al., 2015; Roe and Aspinall, 2011) . Parents also did not report significant reductions in problematic behaviors during or after nature visits. Many children with ASD have severe cognitive impairments, and it is possible that the cognitive benefit afforded by nature was not enough to induce progress. Another explanation is that cognitive improvements did occur, but parents may not have had the expertise to identify them. In addition, if such progress occurred incrementally, it may have confounded with the "growing up" factor and thus remain unnoticed by parents.
Nature as a supportive environment for intervention
Although a lot of the behavioral and cognitive benefits of nature exposure were unclear, we argue that the many positive benefits make natural outdoor environments ideal settings for ASD interventions and therapies. Contemporary clinical interventions usually teach skills in isolation and out of context (LeBlanc et al., 2006) . Research seldom considers the physical environment of the interventions. If we can incorporate beneficial natural settings into interventions such as Applied Behavior Analysis (ABA), we may be able to keep children relaxed, invigorated and reduce the sense of being restrained and commanded.
Based on our finding that natural elements hold children's attention for extended periods of time, it is also possible that interventions could address parents' concerns about children's fixations on natural elements and direct them in positive, constructive ways. A narrow, fixed interest can be guided into broader interests and constructive activities (Gagnon, 2002, p.3) . Nature has infinite elements that seem to allow every individual to find their special interests. It may be possible to guide children to functional play and grow these interests to influence their developmental trajectory.
Reducing barriers through planning and design
Parents reported a wide range of physical, emotional, and social barriers associated with exposing children to nature. A recent study observed an unexpected positive relationship between anxiety and green space for youth with autism (Larson et al., 2018) . Based on our findings, we speculate that the unexpected relationship might occur due to some key barriers children with autism face in accessing green space. Concerns about inappropriate behavior, social factors, and safety issues are consistent with the literature on concerns of parents of children with ASD (Burrows et al., 2008; Davis and Carter, 2008) . Despite these barriers, most parents in this study realized that children needed to experience the world to reach their full potential and become more independent. Many of these parents saw public green spaces as richer, safer settings for experiencing the world. Compared to sports courts, movie theaters or supermarkets, natural environments were associated with fewer social expectations and more freedom to run, shout, laugh, and play.
Access and amenities for children with ASD have mostly been neglected in place-making. Public parks and open spaces are meant to be inclusive, but little attention has been paid to how these places serve people with cognitive impairments (Gleeson, 2001) . As a result, parents often felt their children were excluded from the outdoor public spaces. Based on our findings, we make the following design recommendations to reduce the barriers that children with ASD and their parents face. Designs should provide enclosed spaces with limited entry points to prevent elopement and allow parents to watch their children, offer private areas to help emotional control, upgrade safety standards to prevent falling and tripping, provide open-ended play options, support a variety of play, and provide a variety of sensory stimuli in some areas but also create sound and light buffers in other space to fit the need of children with different sensory processing conditions. Previous studies have suggested some design principles for classrooms and therapeutic playgrounds (Yuill et al., 2007) . However, if we are to truly integrate universal design principles (Steinfeld and Maisel, 2012, p. 149) and allow all to access and enjoy urban public space, these design principles should extend to public parks and natural areas.
Because the social and behavioral aspects of the settings prove even more challenging for children with ASD, designers should consider how their design influences behavior or the ways children interact with the setting. According to behavior setting theory (Barker and Schoggen, 1973; Barker, 1968) , the arrangement of the setting influences the standard pattern of behavior that is considered appropriate. Since children with autism have trouble referencing the physical and social environment as a way of regulating their own, they act in inappropriate ways and are often misunderstood by others. For the public realm to be truly inclusive and accessible, designs should invite a wider range of behaviors by facilitating creative use and meaning generation. For example, designers could replace play equipment serving a specific, narrow function with loose parts and natural features that invite openended play and a variety of acceptable behaviors.
Limitations and directions for future study
Our interviews indicated that children with ASD display a wide variety of behaviors, challenges, and preferences, which invariably influence how they interact with natural environments. This is not surprising given the wide spectrum of conditions associated with ASD, as well as differences in maturity, the severity of conditions, changes over time, and comorbid conditions (Levitt and Campbell, 2009) . Given the small sample size of 22 participants, we were not able to provide comparisons across the different types on the spectrum, although we did notice wide difference. For example, most children were attracted to stimuli in the natural environment, but the kinds of stimuli that attracted them differed. Some enjoyed watching the sun, wind or water; others enjoyed grasping twigs, spinning on playground equipment, or touching art installations. Future research should try larger samples sizes or target different types of disorders on the spectrum to acquire more focused, in-depth findings.
Because we interviewed parents and caregivers in two high-density Chinese cities, the findings may be associated with unique cultural and environmental conditions. Although research has shown that across cultures, parents of children with ASD identify similar social concerns, the Chinese cultural value of saving face, or the value given to prestige or respect gained socially, may have exacerbated the social barriers that families face, leading to intensified feelings about social exclusion and judgements. In addition, awareness of ASD has only recently increased in China, and a general lack of awareness may further exacerbate the barriers. Furthermore, the unique environmental conditions (e.g., high population density, high traffic volume, and prevalent multi-lane streets and elevated freeways) may have contributed to parents' concerns about safety and phobias. Future studies in different cultures and urban environments are needed to substantiate our findings and reveal regional differences. Finally, as translation was involved in this study, there are limitations related to loss of meaning during the translation and interpretation.
In this study, we relied on parents to provide accurate accounts of how nature exposure impacts children with ASD. Parents, however, may not have the training needed to identify cognitive or behavioral changes. Physiological measures of stress and cognitive load main be helpful. Studies in more controlled natural settings could establish causal effects of nature exposure on children with ASD. Experimental and quasi-experimental studies using trained researchers and longitudinal data are needed to more accurately assess the cognitive and behavioral outcomes associated with exposure to nature. Comparing therapy sessions in different settings would yield more information regarding the supportive role that natural environments could play in interventions.
Conclusion
Our research identified multiple sensory-motor, emotional, and social benefits of nature for children with ASD and developed a preliminary framework that describes the different benefits. We also identified barriers that limit access to nature. Future studies could build on this framework and establish more conclusive findings. Policy makers and planners should use this information to improve access to green space for children with ASD, and designers should create more inclusive natural spaces to promote equitable distribution of environmental benefits for vulnerable populations.
